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An autecological study of an invasive cactus (Cereus 
peruvianus) in the vicinity of Zandspruit, central Transvaal 
showed that the distribution and abundance of the cactus was 
related to seedling establishment conditions. The plant shows 
extremely specific establishment requirements and seedlings 
can only survive in those areas which have fine-textured soils 
and a high density of shade trees. Selection of these sites 
appears to be related to available moisture in the soil. In 
fine-textured subcanopy sites moisture is retained in the first 
few centimetres of the soil for longer than in more sandy or 
exposed conditions. Even within the above sites seedling 
input was extremely variable, further stressing the importance 
of establishment. It is suggested that the removal of shade 
trees might be worth testing as an effective and less costly 
control measure in the long term rather than removing the 
cactus itself. 
S. Afr. J. Bot. 1984, 3: 387-396 
'n Outekologiese studie van 'n indringer-kaktus (Cereus 
peruvianus) in die omgewing van Zandspruit, sentraai-
Transvaal, het getoon dat die verspreiding en getalle van die 
kaktus verband hou met die vestiging van saailinge. Die plant 
toon uiters spesifieke vestigingsvereistes, en saailinge kan 
slegs voortbestaan in gebiede met fyntekstuurgrond en 'n hoe 
digtheid van skadubome. Geskiktheid van hierdie terreine hou 
skynbaar verband met die beskikbare vog in die grand. In 
skaduryke gebiede met kleigronde word die vog in die 
boonste paar senti meter van die grand Ianger behou as in 
meer sanderige of blootgestelde grande. Selfs binne hierdie 
terreine was die saailinggetal uiters veranderlik, 'n faktor 
wat die belangrikheid van vestiging verder beklemtoon. Daar 
word gevolglik voorgestel dat die verwydering van die 
skadubome as 'n effektiewe en goedkoop langtermyn-beheer-
metode beproef word. 
S.·Afr. Tydskr. Plantk. 1984, 3: 387-396 
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Introduction 
The invasion of alien plants into natural vegetation is a 
serious problem in South Africa. The Control of Alien 
Vegetation Committee (1960) has estimated that the country 
is losing approximately 113 636 ha of natural vegetation 
a year to exotic species. Unless controlled, these cause 
serious ecological and economic impacts and can change the 
entire characteristics of the habitats they invade (Ferrar & 
Kruger 1983). 
This study concerns a localized invasion by one such 
exotic, a South American member of the Cactaceae, Cereus 
peruvianus Miller ('Queen of the night') (see Britton & Rose 
1931 for a species description). It has only recently been 
recognized as a problem in South Africa and was proclaimed 
a weed on the 28th September 1982 after several large 
populations had been found in the northern Transvaal. The 
area chosen for the study involves one of the largest and 
most serious invasions. The entire population, which in the 
last 60 years is estimated to have spread over 3 000 ha of land 
(Mr D. Meyer,. pers. comm. Department of Agriculture), is 
thought to have arisen from a single individual planted in the 
garden of a farm homestead. In the invaded areas the 
species limits grazing by competing with the natural vegeta-
tion and preventing access to shaded areas. It is also difficult 
and expensive to clear. 
The formulation of recommended methods of control 
require an understanding of the biology, phenology and 
demography of the population to assess the expansion rate 
of the weed, its impact and its potential for further encroach-
ment. Analysis of its growth requirements helps to determine 
whether or not a particular ecological system is susceptible 
to invasion. Only after these aspects are known can satis-
factory management and control strategies be designed 
(Hall & Boucher 1977; Stirton 1978; Ferrar & Kruger 1983) . 
Accordingly, the aim of this study was to determine the site 
selection and autecology of Cereus peruvianus in the area of 
invasion and to gain some understanding of the life history, 
strategies and dynamics displayed by the plant with a view to 
suggesting methods of control. 
The invasion is located in the Moloto-Witnek district of 
the central Transvaal approximately 100 km north of 
Pretoria. The main invasion extends from E 28°47' to 
E 28°51' and S 25°15' to S 2S08' along the south-eastern side 
of the Kameel River. The area is used mainly for ranching 
and the cactus occurs on approximately nine farms. 
Geologically the area forms part of the Bush veld complex, 
which is a suite of igneous rocks exhibiting a considerable 
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range in composition (Truswell 1977). The differences in 
geology have given rise to two main soil types which are 
important in determining the vegetation. 
(i) Immature fine-textured clays which are rocky and 
shallow. They are highly erodible and extremely sus-
ceptible to surface capping. Where erosion is severe a 
lateritic 'ouklip' layer has been exposed. These soils 
support Acacia mellifera (Vahl) Benth. dominated 
vegetation. (For a detailed description see Taylor 1984.) 
Herbaceous cover is sparse with Eragrostis rigidior 
Pilger being the most abundant grass . The cactus is asso-
ciated with this vegetation type and dense A. mellifera 
thickets containing impenetrable stands of cactus are a 
common occurrence . A subtype dominated by Spirosta-
chys africana Sonde occurs in the more sandy areas and 
is associated with a much lower density of cactus. 
(ii) Sandy, well drained soils supporting a community 
dominated by Terminalia sericea Burch. ex DC. This 
type shows a distinct lack of Cereus peruvianus. Grass 
cover is dense and tall with a high species diversity (see 
Taylor 1984). 
Methods 
Sixteen plots representative of the entire population were 
sampled to determine the relationship between cactus 
success and site conditions. Since the cactus is aggregated in 
thickets and under trees, only these areas were sampled. 
Plot size varied according to cactus density and was made 
sufficiently large to include 100-300 individuals (Murray 
1979). 
In each plot the age, height, fruit number, branch number 
and vitality (on an index from 1-4) were measured for all 
cactus plants. The number of individuals arising from 
vegetative reproduction (these had a much greater stem 
diameter than seedlings) and the number of genetic variants 
(C. peruvianus var. monstruosa) were also counted. Asso-
ciated trees were identified and counted. 
Soil samples were collected and analysed for texture, pH 
and electrical conductivity of the soil solution. Soil texture 
was measured using the Bouyoucos hydrometer method 
(Bouyoucos 1951) and pH was measured using a 1:1 ratio by 
mass of soil to a 0,01 mol dm- 3 solution of CaC12 
(Tomlinson et al. 1977). The conductivity ofthe soil solution 
was determined using a conductivity bridge, again with a 1:1 
ratio by mass of soil and deionized water. 
A general assessment of the site was made concerning 
degree of grazing, erosion and soil capping. 
Age was readily determined because the cactus is an erect, 
branched plant with a regularly notched or constricted stem 
and it was assumed that each constriction of the stem 
represented the end of a growing season . The distance 
between consecutive constrictions is therefore equivalent to 
one year's growth. (D. Hardy, pers. comm. Botanical 
Research Institute, Pretoria). This was supported by the 
observation that new growth (darker green) always com-
menced immediately after a constriction. There are no 
growth data providing independent evidence that this is the 
case and the ages allocated to the plants may not be absolute. 
They do, however, provide a relative measure of population 
structure. Age was therefore taken to be equivalent to the 
number of constrictions on the stem. Each individual was 
assigned to an age class, with seedlings being less than two 
years old. Individuals greater than 12 years old were lumped 
into a mature age class. 
The initial intention was to model the dynamics of the 
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population using a Lefkovitch matrix (e.g. Leslie 1945; 
Lefkovitch 1965; Usher 1972). However, this approach 
requires constant annual coefficients for growth, mortality 
and reproduction and our early observations revealed that 
the Cereus population, like most other perennial species in 
this savanna region, exhibits great demographic variability 
from year to year. Modelling such a population using coeffi-
cients determined in one season is meaningless and so a 
more autecological approach was adopted. 
Results 
Observation shows that the cactus has a distinct distribution 
pattern both within and between vegetation types. It occurs 
only in the Acacia vegetation and predominates on the 
Acacia/ Euclea subtype. This distinction between the two 
main vegetation types is very pronounced. Dense stands of 
cactus and Acacia scrub occur immediately adjacent to 
patches of Terminalia in which C. peruvianus is totally 
absent or extremely rare . Within the Acacia vegetation the 
cactus is aggregated in dense clumps within thickets. Few 
plants occur in the open. It appears that the density and 
distribution of the cactus is in part a function of the number 
of trees in an area, as well as other site conditions which 
restrict its range to particular vegetation/soil types by 
affecting growth and establishment. Analyses were directed 
at determining these controlling factors. 
Age structures 
The frequency of individuals in each age class was expressed 
both on a proportional and an absolute basis as density. 
Only the former is presented in Figure 1. 
It is apparent that different age-distribution patterns are 
associated with different densities of cactus. Two main 
patterns can be distinguished. 
(i) A reversed 'J-shaped' pattern typical of stable or 
growing populations (Rabotnov 1969) with the greatest 
proportion of individuals occurring in the younger age 
classes e.g. Plots 1, 2, 3, 4, 7, 8, 9 and 14. These plots 
support the greatest density of cactus, implying that 
growth and establishment conditions here are favour-
able and that the population is self-maintaining. 
(ii) A bell-shaped distribution with the greatest proportion 
of individuals in the intermediate and older age classes 
e.g. Plots 5, 6, 10, 11 and 12. This pattern is associated 
only with those sites having the lowest densities of 
cactus, implying that density dependence (i.e. competi-
tion from established plants at high population densities) 
is unlikely to be responsible for the lack of seedling 
establishment and the characteristic shape of these 
profiles. 
Plots 13, 15 and 16 show age-class distributions intermediate 
betweeen these two extremes. 
Cumulative age distributions, constructed using a method 
developed by Knowles & Grant (1983) for data in which the 
most abundantly represented class is not the youngest, show 
similar results. Figure 2 shows one example from each of the 
patterns. 
A low increment of change from class to class is shown by 
the long tails of the curves. All the plots demonstrate this for 
the more mature age classes. The steepness of the initial 
slope gives an indication of the amount of change occurring 
in the younger age classes. For example Plot 8 shows a 
concave-shaped curve with a steep initial slope and a fairly 
sharp inflection point around age class nine. The increment 
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of change is especially high at the seedling stage, indicating 
high recruitment rates. Plot 6 shows a convex cumulative 
distribution corresponding to a 'bell-shaped' curve. Direct 
comparisons cannot be made since the densities are 
different. 
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The age distributions show that the greatest proportion of 
seedlings occur in the areas with the highest density of 
cactus. This suggests that the higher recruitment rates for 
these areas may be a function of more favourable establish-
ment conditions. 
s 
p- 2 
0-7178 
P-4 
0- 5000 
A13E CLASS 
P-8 
0-14200 
P-14 
0-2625 
9 10 11 12 M 
Figure 1 Age class distributions. P =plot number, D =density (per hectare). 
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P-6 
0-520 
P-10 
0-9850 
P-12 
0-462 
AGE CLASS 
P- 15 
0-1220 
Relationships between population characteristics 
1. Tree density and cactus density 
A regression of cactus density on tree density (irrespective 
of species) over all plots indicates, as expected, a significant 
s 
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positive relationship (Figure 3). 
Within the Acacia vegetation the cactus did not appear to 
be associated with any particular size or species of tree. The 
frequency with which certain species appeared as shade 
plants is an approximate indication of their relative abun-
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Figure 2 Cumulative age distributions. P = plot number, D = density (per hectare). 
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Figure 3 Relationship between cactus density and tree density. 
dance and per cent cover in the study area rather than the 
result of any selective preference displayed by the cactus. In 
their natural habitat Cereus species were also found growing 
in close association with other woody plants , especially 
Prosopis species, which show close ecological similarities to 
Acacia species (Zimmerman unpub.). 
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2. Proportion of mutant, vegetative and unhealthy individuals 
(plants with a vitality index of less than 4) 
The proportion of these individuals in relation to cactus 
density (Table 1) shows that they varied independently of 
density, with no significant difference between plots. Since 
the number of unhealthy plants is not influenced by density, 
it is unlikely that intra-specific competition is an important 
factor in regulating the population. The proportion of 
vegetatively produced individuals is low and they are 
unlikely to have any important effect on the age distribution 
or fecundity of the population. 
3. Height and age 
Regressions were determined for each plot separately 
(Table 1). The slopes of the regressions give an indication of 
growth rate. The steeper the slope, the greater the growth 
rate, indicating more favourable site conditions . There is no 
significant difference between slopes, indicating that once 
the cactus is established its growth rate is independent of site 
conditions. This implies that once past a certain initial stage 
of seedling development, the cactus could probably grow 
under a greater variety of conditions. It suggests again that it 
is the establishment phase that is important in determining 
the distribution and density of the population. 
4. Number of fruits and age 
The mean number of fruits per plant in each age class 
(calculated over all the plots) is presented in Figure 4. Fruit 
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production commences when the plants are eight years old. 
The mature individuals produce the most fruit although, 
within this age class, production varied from greater than 50 
per plant to two. Fruit production appeared to be positively 
related to the number of branches on the plant. 
5. Ratios between age classes 
To establish whether the population is stable or not, a 
method first developed by De Liocourt (1889, in Harper 
1977) was used. De Liocourt and other authors (Meyer 
1952; Leak 1964) have suggested that in stable populations 
the quotients between the numbers of trees in successive size 
or age classes remain essentially constant over the range of 
size/ages found. This method, as opposed to the matrix 
method, emphasizes that a population is more effectively 
explained as the outcome of past events rather than as a 
stage in the development towards some end (Meyer 1952). 
The frequency of individuals in each age class for the whole 
population (all plots) was calculated and converted to 
density. The quotients between the In density of successive 
age classes were calculated and plotted against age class 
(Figure 5). The population as a whole shows wide fluctu-
ations around the balanced distribution indicating that 
recruitment is very variable from year to year with no overall 
trend. 
6 Survival rate and density 
Survival (Table 1) was calculated by expressing seedling 
Table 1 Population parameters and site conditions for each plot 
In In % % % Sur- Slope 
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no. cactus cactus trees trees monstruosa healthy tativc fruits seeds seedlings rate sand silt clay pH ht . on age spec1es 
3254 8.09 1302 7, 17 1,0 
7178 8,88 2333 7.75 2.2 
16800 9.73 6600 8,79 1.78 
5000 8.52 t950 7,58 1.33 
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15 1220 7.11 1166 7,06 5.0 
16 9500 9.16 8750 9,07 8.42 
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7,12 19,2 57,81 197927,74 16 
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23.57 7,30 21,32 72999,68 12 
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0,044 65 ,28 17.51 17.21 4.1 8 35.89 
0,077 67,1 1 18,79 14,10 3.52 34,43 
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0.050 65,07 28,64 6,29 3,93 32.05 
0,023 68,68 22,26 9,06 5,91 27,80 
0,0078 78,68 13,00 8,32 5,54 36,60 
0.0099 71,99 20,70 7,31 8,50 39,00 
0,0081 40,23 
0.0399 69,03 23,94 7,03 5.65 33,78 
0,0037 82.78 10.81 6,4 1 5,44 33,78 
0,0164 79,66 14,81 5,52 4,09 35,37 
89,81 5,88 4,30 6,32 27,66 
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number as a proportion of the number of seeds available, 
which in turn was obtained by multiplying fruit number by 
the average number of seeds contained in a standard-sized 
fruit. There is a significant positive correlation between 
density and survival rate (Table 2) which indicates that, as 
the density of established plants increases, there is no 
negative feedback on new seedling establishment. The 
consequence of this is a rapidly increasing population to very 
high densities. This is supported by the existence of cactus 
stands so dense that they cannot be penetrated. The re-
gression of fruit number on cactus density is not significant 
implying that differences in density between plots is due to 
young and intermediate individuals and not to reproductively 
mature plants. The correlation of mean fruit number and 
survival is also non-significant, indicating that seedling 
number is independent of seed number (which is always in 
excess). Seedling recruitment, therefore, appears to be 
limited by site conditions rather than by the availability of 
seeds. 
Relationships between site factors and population 
characteristics 
There is a significant negative correlation between cactus 
density and sand (Table 2). As the amount of sand in the soil 
increases the density of the cactus decreases until, on the 
Terminalia sites , no cacti occur at all. The relationship 
between sand and density is more curvilinear than linear 
with the effect on density being most pronounced at high 
levels of sand. Seedling survival (Figure 6) and seedling 
number (Taylor 1984) are also negatively correlated with 
sand implying that physical differences in soil texture may 
limit or inhibit seedling establishment. Interaction with 
other factors may also occur. For example, stand 3 has a high 
seedling survival rate compared with others showing similar 
soil texture (i.e. degree of sandiness). This is probably 
8 9 10 11 12 13 14 15 16 M 
AGE CLASS 
Figure 5 De Liocourt curve, composite for all plots. 
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Table2 Correlation coefficients (r) between population parameters and site conditions (P < 0,05) 
(In) cactus density 
Seedling number 
Survival rate 
%unhealthy 
(In) tree density 
Fruit number 
* Significant at P < 0,05 
Cactus density 
0,73* 
-0,05 
0,64* 
-0,148 
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-0,63* 
- 0,70* -0,53* -0,60* 
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y = 0,15 - 0,0017x 
r = -0,70 (P < 0,05) 
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Figure 6 Relationship between survival rate and % sand in the soil. 
because this stand has the greatest density of associated trees 
( 600 ha -I , Table 1). There is a low but significant correlation 
between cactus density and pH (Table 2), but this probably 
reflects the association between pH and texture. 
Discussion 
Cactus density, as a consequence of seedling recruitment, 
appears to be a function of soil type (% sand and clay) as 
well as the abundance of shade-producing trees and shrubs. 
Two hypotheses are proposed to explain the association of 
the cactus with trees . 
(i) Bird dispersal of seeds. The fact that some cacti were 
found under small shrubs and rocks (which make highly 
unsuitable bird perches) is evidence against this hypo-
thesis . It is probable though, that birds do play a role in 
determining the distribution pattern. The cactus has 
large red fruits which are readily eaten by birds (the 
Black-eyed Bulbul , Pyconotus barbatus, in particular). 
Similar observations were made for a related species, 
Harrisia martinii, by Le Raux (unpub .) who noted that 
dense scrub/thorn thickets on the warmer north-eastern 
slopes of the invaded area provided a haven for the 
Bulbul and H. martinii seedlings were found in the 
greatest numbers in these thickets . 
(ii) Seeds may be randomly dispersed but may only es-
tablish under trees . Very large numbers of seeds are 
produced, far in excess of the requirement for establish-
ment , but very few young plants were observed. This 
suggests that some factor is limiting either the germina-
tion of seeds or the establishment of seedlings. With 
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regard to the former, unsuccessful germination trials 
(this study and D. Hardy, pers. comm.) suggest that 
dormancy mechanisms may be operating in the seeds. It 
is, however, necessary to consider what the favourable 
establishment conditions are in under-canopy environ-
ments. 
Studies conducted on Cereus giganteus (Saguaro cactus) 
in the Saguaro National Monument Park, Arizona revealed 
similar results concerning the distribution of this species 
(Neiring et al. 1963; Steenbergh & Lowe 1969). Emphasis 
was placed on a study of establishment since the Saguaro 
populations were declining. Seedlings were usually found 
to establish in close proximity to other plants (nurse plants) 
or shade-producing objects. Steenbergh & Lowe (1969) 
found that for a count of 177 Saguaro seedlings, 173 received 
shade from plants, four from rocks and no seedlings occurred 
in open or unshaded habitats . Turner eta!. (1969) stated that 
shade is a basic requirement for Saguaro seedling survival 
and the opening up of vegetation in many areas has caused a 
reduction of suitable habitats for establishment. 
In the case of both cactus species shade produced by trees 
offers beneficial reductions of high temperatures at the soil 
surface and reduces evaporative demand. The shade plants 
also offer concealment from predators and protection from 
rainstorms and erosion. Seedlings growing in association 
with other plants are also less susceptible to frost. 
The number of Saguaro seedlings established was esti-
mated to be less than 0,001% ofthe seed crop (similar to that 
of C. peruvianus, Table 1). Steenbergh & Lowe (1969) 
suggested that two factors were primarily responsible for 
this; namely, predation and insufficient moisture. Seedling 
development (which must be rapid since the seeds are so 
small) seemed to be primarily dependent on the availability 
of water in the soil. Comparisons of survival suggested that 
fine-textured soils offered better conditions for establish-
ment. This accords with our results in that seedling establish-
ment occurred only on the more finely textured soils of the 
Acacia sites. During the first years of their lives , before they 
can store water effectively, the young cactus plants live 
in a severe micro-environment with their roots in the top 
10-20 mm of soil. They grow in essentially bare soil (i.e. low 
basal cover since they are unable to compete successfully 
with grass, Glendening 1952) further adding to the extremes 
of temperature that must be endured. It appears then that 
clayey soils, which can retain water in the surface layers for 
longer, would favour cactus establishment. Heydecker 
(1973) has shown how soils of different water potentials and 
textures affect both germination and survival immediately 
after radicle emergence. Coarse-textured soils produce a 
more negative water potential in the immediate vicinity of 
the seeds than do more compact soils . This reduces the 
probability that a seedling will survive in coarse soils in the 
early post germination phase. 
Like the Saguaro cactus, C. peruvianus seedlings appear 
to have very specific establishment requirements. These 
result in the differences in age structure and density found 
between plots. Where conditions are most favourable , i.e. 
where the soil is not too sandy and shade trees are abundant, 
the population shows a typical reversed 'J-shaped' curve and 
an increasing population. On other sites however, conditions 
are not so suitable and low recruitment rates, especially in 
the last 3- 4 years (owing to below average rainfall) have 
resulted in bell-shaped age distributions and low densities of 
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individuals. All the plots showing this pattern occur on the 
slightly sandier soils. On the very sandy soils no seedlings 
survive. 
Control measures 
The Department of Agriculture has experimented by in-
jecting the main stem of the plant with herbicides. The 
plants are susceptible but this approach has limitations 
because 
(i) it is expensive, 
(ii) there are too many plants for them all to be injected, 
(iii) young plants cannot be treated, and finally, 
(iv) translocation of the chemical through the plant is slow 
and branches from treated plants were observed to 
have fallen and regrown vegetatively. 
Observations show that since the plant has such specific 
establishment requirements, it is in fact controlled naturally 
by a variation in the environment. Cleared areas, old fields , 
open areas between trees and varying soil conditions within 
the more favoured sites, as well as patches of Terminalia 
sandveld all limit the abundance of the cactus. 
However, overgrazing in the Acacia areas may stimulate 
bush encroachment and aggravate the situation by increasing 
the number of suitable establishment sites. The converse 
also applies in that a decrease in tree density will cause a · 
decline in the population by reducing establishment. It 
appears that bush-clearing and removal of trees would be an 
effective means of controlling and reducing the C. peruvianus 
population in the long term. Mechanical control of the 
cactus is not a feasible proposition because of the large 
population, the costs of labour and the removal of 'chopped' 
material (which is necessary because of vegetative regrowth). 
Furthermore, if there is a seed bank, establishment and 
regrowth will occur in the favourable sites. The only way to 
prevent regeneration is to change conditions so that es-
tablishment is no longer favourable. This involves removing 
'nurse' plants. If no active control measure is taken, 
overgrazing, at least, should be prevented since grass 
competition in favourable sites will prevent or greatly 
reduce seedling establishment. 
Conclusions 
The problem is not as serious as was originally supposed 
since (owing to the ecological requirements of the plant) the 
population has certain limits to its local expansion. Because 
of this it is unlikely that it will spread any further within the 
localized area. It will only establish in a.reas which show an 
abundance of trees and where the substrate consists of fine-
textured clayey soils. Even within these areas, as the age 
structures show, conditions are not always optimal and in 
the less favoured areas below average rainfall seems to 
depress recruitment even further. 
Concerning its potential for spreading beyond the present 
sites of invasion, it is possible (and even likely) that it could 
invade and grow successfully in other areas of the Transvaal 
showing similar soil and vegetation characteristics, if the 
plant or its seeds are introduced into sites where heavy 
grazing occurs. 
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